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Abstract
Tibial tubercle avulsion fracture caused by knee extensor is very rare; furthermore, non-traumatic fractures during running or bilateral
fractures have been reported. The purpose of this study was to evaluate any differences according to the mechanisms of injury in
adolescents with tibial tubercle avulsion fracture.
Thirty patients with tibial tubercle avulsion fractures were reviewed and the average age was 13 years 1 month. Seven patients
(low-stress group) had a spontaneous fracture during running without deﬁnite trauma. Twenty-three patients (high-stress group)
experienced pain during jumping and landing, or deﬁnite trauma. The mechanisms of injury, age, height, weight, body mass index
(BMI), BMI percentile, fracture type, as well as any complication, such as limitation of motion and deformity related to the physeal
arrest, were compared between groups.
There was no deﬁnite difference in age, fracture type, and surgical outcomes between groups. There was no patient with signiﬁcant
early physeal arrest in both groups. The weight (P= .02), BMI (P= .03) and BMI percentile (P= .01) in low-stress group were higher
than those in high-stress group. In low-stress group, 6 patients’ BMIs were in the 97th percentile, and 1 patient’s BMI was in the 5th
percentile.
Extreme BMI may be a risk factor for tibial tubercle avulsion fractures in adolescents during running without deﬁnite trauma.
However, there was no difference in the ﬁnal outcome according to injury mechanisms.
Abbreviation: BMI = body mass index.
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Interestingly, spontaneous fractures during running without1. Introduction
Tibial tubercle avulsion fracture is very rare and its incidence has
been reported to account for only 3% of all proximal tibia
fractures and less than 1% of all growth plate injuries.[1–3] This
type of fracture occurs when the quadriceps are forcefully
contracted against resistance, such as during jumping, or when
rapid knee ﬂexion occurs with contracted quadriceps, such as
during landing.[2–6] Therefore, sports are known to be risk factors
for this fracture, and the avulsion fracture of tibial tubercle occurs
more frequently in males, due to their more prevalent participa-
tion in sports activities and the fact that physeal closure occurs
later in males than in females.[4,6,7]Editor: Johannes Mayr.
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1trauma have been reported.[8–11] The stress in quadriceps
has been presented to be 289 to 307 kN/m2 during jumping,
292 kN/m2 during landing, and 241 kN/m2 during running.[12]
Fracture during running is developed by low-stress compared to
jumping and landing, and it may be related to other risk factors,
such as weakness of physis relative to the tension applied during
intense muscle loading. Gilbert et al reported that obese patients
were more likely to sustain fractures involving the physis, and
other studies have also reported that obesity is associated with
fracture in children.[13–17]
We experienced several cases of tibial tubercle avulsion
fractures during running without deﬁnite trauma. The purpose
of this study was(1) to ﬁnd any potential risk factors, including obesity, that are
related to the spontaneous fracture during running without
deﬁnite trauma, and(2) to evaluate any difference in the ﬁnal outcome according to
the mechanisms of injury.
2. Materials and methods
This retrospective review was approved by the institutional
review board of the hospital (4–2017–0523). Between 2007 and
2016, we reviewed children and adolescents with tibial tubercle
avulsion fracture at children’s hospital and urban general
hospitals. The inclusion criteria were as follows:(1) tibial tubercle avulsion fracture with traumatic/non-traumat-
ic injury,(2) age below 18 years, and
(3) more than 2 years of follow-up.
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lated to bone strength or growth,(2) ≥2cm of leg length discrepancy,
(3) diagnosis of malalignment syndrome,
(4) previous operation for lower extremity,
(5) previous fracture history,
(6) multiple fractures, and
(7) multiple organ injuries.Thirty patients with tibial tubercle avulsion fractures were
included. Two patients were female and the average age of
patients was 13 years 10 months (range, 10–16 years). The
average follow-up period was 26 months (range, 24–40 months).
To evaluate the mechanisms of injury, medical record was
reviewed, and each patient was contacted to ascertain the
situation that led to injury. If the patient reported a sudden pain
or weakness while just running without deﬁnite trauma, such as a
collision or slip down, the patient was assigned to low-stress
group. If the patient described a pain or weakness during jumping
or landing, a slip or fall while engaging in sports, or a collision
with other players, the patient was assigned to high-stress group.
A total of 7 patients were assigned to low-stress group, and 23
patients were assigned to high-stress group. The median age of
low-stress group was 14 years (range, 12–16 years). The median
age of high-stress group was 14 years (range, 10–15 years) and 2
patients were girls (Table 1).ble 1
ients’ details.
p ID Related Sports Injury Sex Age Sid
stress 1 Basketball During running M 15 L
2 Hurdle M 15 R
3 Running M 16 L
4 Basketball M 14 R
5 Basketball M 14 L
6 Long jump M 12 R
7 Running M 14 L
stress 8 Baseball Slip down M 15 L
9 Soccer Trip over stone M 15 R
10 Basketball Fall down M 11 R
11 Taekwondo Fall down M 12 L
12 Basketball Slip down M 14 L
13 Hab gi do Fall down M 14 L
14 Running Slip down M 10 R
15 Running Slip down M 13 L
16 Basketball Landing M 14 L
17 Long jump Landing F 11 R
18 Taekwondo Fall down during tumbling M 14 L
19 Long jump Landing F 13 R
20 Basketball Collision during jumping M 13 L
21 Basketball Collision during landing M 15 R
22 Basketball Landing M 15 L
23 Basketball Collision M 15 L
24 Playground Fall down M 11 L
25 Soccer Collision during jumping M 15 L
26 Soccer Collision M 14 R
27 Playground Collision M 14 L
28 Soccer Slip down M 15 R
29 Hurdle Collision M 15 L
30 Soccer Landing M 15 R
male, L= left, M=male, R= right.
2Two pediatric orthopedic surgeons reviewed the radiography.
Treatment outcome was evaluated by complications such as leg-
length discrepancy, varus or valgus, genu recurvatum or
procurvatum, and limitation of motion. Body mass index
(BMI) percentiles, based on the standard distribution of
adolescents in our country, were evaluated.
Statistical analyses were performed using SPSS statistics
software package (version 23; IBM corp., Armonk, New York).
Differences between groups were examined using Mann–
Whitney U tests and Fisher exact test. Values were presented
as median (range, min-max value). The level of signiﬁcance was
set at P<.05.3. Results
According to the Ogden classiﬁcation, 8 fractures were type IB, 2
fractures were type IIA, 3 fractures were type IIB, 5 fractures were
type IIIA, 5 fractures were type IIIB, 6 fractures were Ryu &
Debenham type IV, and 1 fracture was type V.[18,19] To evaluate
injury to the knee joint, magnetic resonance images were taken in
the 6 cases of type IIIA and IIIB, but pathologic lesions were not
evident. The injuries involved the right knee in 12 cases and the
left knees in the remaining 18 cases. There was no bilateral case.
One patient with an Ogden type IB fracture was treated with
tension band wiring (Fig. 1), whereas open reduction and screw
ﬁxation were performed for other patients (Fig. 2). The patient
who underwent tension band wiring was immobilized for only 1e Height, m Weight, kg Body Mass Index, Kg/m2 Percentile Type
1.73 93 31.1 97 IV
1.78 95 30.0 97 IIIA
1.73 90 30.1 97 IB
1.85 100 29.2 97 IV
1.65 46 16.9 10 IIB
1.75 84 27.4 97 IB
1.71 84 28.6 97 IIA
1.65 70 25.7 85 IV
1.63 60 22.6 75 IV
1.72 55 18.6 50 IV
1.72 70 23.7 85 IIIA
1.73 77 25.7 85 IIIB
1.76 77 24.9 85 IIIA
1.62 52 19.8 75 IB
1.58 60 24.0 90 V
1.79 68 21.2 50 IIIB
1.25 25 16.0 25 IB
1.75 91 29.5 97 IIIB
1.59 54 21.4 75 IB
1.64 60 22.3 75 IIIA
1.83 79 23.6 75 IIA
1.77 68 21.7 50 IB
1.75 58 18.9 25 IIIB
1.49 55 24.8 85 IB
1.85 61 17.8 10 IIB
1.80 98 30.2 97 IIIB
1.65 75 27.5 95 IV
1.65 65 23.9 75 IIB
1.70 63 21.8 50 IIIA
1.77 95 30.3 97 IB
Figure 1. (a) A 16-year-old boy (No. 3) reported sudden onset anterior knee pain while running. An initial lateral radiograph of the knee showing a displaced tibial
tubercle fragment and patella alta. (b) Postoperative lateral radiograph of the knee showing ﬁxation of the fragment with Kirschner wire and tension band
wire ﬁxation.
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the cases. An average of 10 weeks was needed to regain a normal
range of motion, and all of the patients had a full range of motion
of the knee. At the ﬁnal follow-up, all patients in both groups had
healed without any sequelae, such as infection, nonunion, or
malunion. There was no signiﬁcant early physeal arrest or
deformity in both groups when radiography was compared to the
normal side at the ﬁnal follow-up.
There was no difference between groups in age (P= .41), sex
(P= .74), side (P= .89), height (P= .34), and fracture type
(P= .67). The weight, BMI, and BMI percentile were higher in
low-stress group (P= .02, .03, .01, respectively) (Table 2).
Patients in low-stress group had an extreme BMI above the 97th
percentile, and 1 patient’s BMI was in the 5th percentile.4. Discussion
The formation of tibial tubercle has been divided into 4 stages by
Ehrenborg.[6,20,21] Cartilaginous stage occurs ﬁrst, before the
appearance of tibia tubercle’s secondary ossiﬁcation center.
Apophyseal stage begins upon the appearance of the secondary
ossiﬁcation center signal; epiphyseal stage begins with the
formation of anterior tongue of bone that the secondary
ossiﬁcation center of proximal tibia joins to the tubercle. The
ﬁnal stage results in bony fusion. Physeal closure starts from the
center of proximal tibial physis, and proceeds to the distal end of
the physis, and avulsion fractures occur in the area that is too
weak to resist the tension produced by muscle loading.[6]
Avulsion fracture of tibial tubercle has been known to be
related to the functioning of the lower limb’s extensor mechanism
during sports.[4,6,7] Maffulli and Grewal reported that a maximal
contraction of the quadriceps in athletic adolescents is able to
overcome the strength of upper tibial epiphysis and suggested
that above-normal strength may play a role in avulsion injuries3involving major muscles.[22] In this series, all of the fractures
occurred during sports. However, the stress of quadriceps is
different according to the type of sports, and stress during
running is lower than those during jumping or landing.[12]
We hypothesized there may be additional risk factors that
would weaken the physis or those that were related to the
increased traction force of the knee extensor in patients who had
experienced a fracture during running without deﬁnite trauma. In
this study, the weight, BMI, and BMI percentile in patients with
low-stress group were elevated. Obesity is also known to be a risk
factor for fracture in children andmay cause abnormal loading to
the physis.[13–15,17] However, 1 patient (No. 5)’s BMI was 16.9
kg/m2, and his BMI was in the 5th percentile. Sabhaney et al
noted that increased odds of fractures among underweight
children compared with normal-weight children and bone
mineral density have been found to be proportional to BMI in
children.[15,16] We cannot conclude that the elevated weight or
BMI was a risk factor related to tibial tubercle avulsion fracture
during running without deﬁnite trauma. In our opinion,
inappropriate knee extensor mechanisms compared to the
extreme BMI, for example, weak physis due to abnormal loading
in obese children, low bone strength related to bone mineral
density in skinny children, or strong extensor power due to heavy
weight compared to physeal strength, may be related to tibial
tubercle avulsion fracture without deﬁnite trauma.
Chow et al suggested the existence of a left-sided predominance
for these fracture types, since all of the patients in their series were
right-handed but most of them had sustained injury to their left
knee.[4] Non-dominant leg may thrust jumping/landing during
sports and avulsion fracture may be more common. In the
present case series, 18 of the 30 patients also sustained injury to
the left knee; however, only 8 patients were injured during
jumping/landing, and this series was relatively small in size to
ascertain predominance in either the left or the right knee.
Figure 2. (a) A 12-year-old boy (No. 11) fell down during Taekwondo. Ogden type IIIA tibial tubercle avulsion fracture was noted. In magnetic resonance image, (b)
there was no intraarticular pathology. (c) Open reduction and internal ﬁxation with cannulated screw was performed.
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factor.[2,4,5,19] However, a direct relationship between Osgood–
Schlatter disease and tibial tubercle avulsion fractures has not
been reported and there was no patient with Osgood–Schlatter
disease in our series.[4,6]
In our series, all of the patients recovered full range of motion
and there was no signiﬁcant complication in both groups.
Although premature closure of anterior physis had been4suggested to occur as a complication of surgery, we could not
ﬁnd any radiologic evidence of premature closure in this study.
To our knowledge, there have not been any reports regarding the
premature closure of the physis after operative treatment, except
for 1 patient with myelomeningocele.[19] Another report
suggested that genu recurvatum, resulting from the premature
closure of anterior physis, is not seen as tibial tubercle
avulsion fractures are most common in adolescents approaching
Table 2
Comparison of variables between groups.
Low stress High stress P value
Age 14 (12–16) 14 (10–15) .41
Sex (male:female) 7:0 21:2 .74
Side (left:right) 4:3 14:9 .89
Type IB 2 6 .57
IIA 1 1
IIB 1 2
IIIA 1 4
IIIB 0 5
IV 0 4
V 2 1
Height, m 1.7 (1.7–1.9) 1.7 (1.3–1.9) .34
Weight, kg 90.0 (46.0–100.0) 65.0 (25.0–98.0) .02
Body Mass Index, kg/m2 29.2 (16.9–31.1) 23.6 (16.0–30.3) .03
Percentile 97th (10th-97th) 75th (10th-97th) .01
Shin et al. Medicine (2019) 98:32 www.md-journal.comphysiologic physeal closure.[6] In addition, compartment syn-
drome related to anterior tibial recurrent artery injury was not
observed in our series.[23,24]
This study had several limitations as it included a small number
of cases due to the rarity of tibial tubercle avulsion fracture. Larger
cohort studies are required to determine extreme BMI as a risk
factor for tibial tubercle avulsion fracture during running without
deﬁnite trauma. However, this study is the ﬁrst to suggest extreme
BMI as a potential risk factor for this type of fracture. We did not
perform histopathological examinations in low-stress group in the
suspicion of overloading the proximal tibial physis since the
subjects of the present study were growing adolescents. We used
the standard BMI of age-matched normal controls in our country
and there may be some differences according to subject’s ethnicity.5. Conclusion
There was no signiﬁcant difference between fracture during
running without deﬁnite trauma and fracture during jumping
and landingorwithdeﬁnite trauma in termsofage, fracture type, or
treatment outcome. However, patients who had experienced a
fracture during running without deﬁnite trauma had extremely
increased or decreased BMI. Themismatch between the strength of
physis/bone and power of quadriceps may be a risk factor for tibial
tubercle avulsion fractures during runningwithout deﬁnite trauma.Author contributions
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